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Introduction

Ceramics of various compositions are in 
widespread use as restorative materials in 
dentistry. Dental restorations must fulfil 
several criteria in order to be used successfully 
clinically. A material must have adequate 
fracture resistance to withstand the rigours of 
the oral cavity. The repeated stress application 
during chewing combined with rapid thermal 
changes in a watery environment place a 
significant stress on the restoration. The fit of 
the restoration must be such that there is no 
impingement on the surrounding tissue and 
should be sufficiently sealed to inhibit leakage 
and secondary decay. Appearance is often the 
major concern of the patient and the dentist. A 
natural appearance of the restoration has been 
of the principal driving forces behind the rapid 
expansion in aesthetic restorative materials and 

ceramics in particular. Ceramic materials may 
best be able to mimic natural teeth with respect 
to colour and light interaction. In addition 
to strength, fit and tooth-like appearance, 
restorative systems must be biocompatible. 
Ceramic materials are generally considered to 
be among the most biocompatible of all the 
restorative materials used. They are oxidised 
and resistant to corrosion, and generally do not 
engender an allergic or toxic reaction.

Ceramics are classified as non-metallic 
inorganic materials. These materials consist of 
metal oxides, borides, carbides and nitrides.1 
Their structure is crystalline, displaying a 
regular periodic arrangement of the component 
atoms and may exhibit ionic or covalent 
bonding. Ceramics possess a wide range of 
strength values. These materials are brittle in 
that they exhibit extremely low plasticity, in 
which cracks can initiate and propagate without 
plastic deformation leading to fracture.

Ceramics may encompass glasses, glasses 
with crystal components and crystalline 
materials. Dental porcelain is a mixture of 
glass and crystal components. Glass has 
an amorphic structure. Ceramics may be 
classified in a variety of ways. These include 
by their microstructure, processing technique 

(powder/liquid, pressed, machined, or 
printed) and their clinical application.2,3,4,5 The 
International Standards Organisation (ISO) 
brings dentists, manufacturers and scientists 
together to write standards designed to aid 
the dental community in production and 
use of materials as well as to meet perceived 
minimum clinical requirements for a given 
material. This standard classifies materials 
using a combination of strength values and 
clinical applications. This article groups 
ceramics into categories based on the ISO 
standard.

It is important to evaluate the clinical 
requirements for the restoration and try to 
match these to the mechanical and physical 
properties of the restorative materials being 
considered for the patient. The properties of 
a material may derive from the interaction of 
fabrication method (processing), composition 
(material type) and microstructure. In 
particular, this interaction is well demonstrated 
in the use of machinable ceramics that have 
the same microstructure and chemical 
composition but are processed differently, 
leading to improvement in properties such 
as flexural strength and clinical success rates. 
Dental all-ceramic systems fall into these 

Reviews the types of ceramics available for 
clinical use.

Classifies ceramics based on an ISO standard that 
provides guidelines for clinical use centred on 
flexural strength.

Describes the differences between zirconia 
materials and their clinical use.
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major categories: feldspar-based, castable and 
machinable glass-ceramics, interpenetrating 
phase ceramics, and high-strength machinable 
polycrystalline materials.

Feldspar-based

Feldspar-based materials for all-ceramic 
restorations are primarily fabricated by one 
of three methods: 1) a powder-liquid mixture 
where powder is mixed with a water-based 
liquid to form a useable mass that is shaped 
by hand and is subsequently fired in a furnace 
to produce the dense restoration; 2) pressing 
a pre-formed fully dense ingot that is heated 
to produce flow under pressure into a mould 
created with a lost wax technique; and 3) 
machined from a fully dense block.

Feldspars used in dental ceramics are 
aluminosilicates containing potassium, 
sodium, or calcium. These materials were first 
used in dentistry to make porcelain dentures. 
Flexural strength values usually range from 
60 MPa to 70 MPa. The ISO standard identifies 
these materials as a Class I ceramic. They 
tend to be employed as veneering materials 
for metal or ceramic substructures, as well 
as for all-ceramic veneers, inlays, onlays and 
other single unit anterior restorations that are 
adhesively cemented.

These materials have also been developed 
into fine-grain machinable blocks such as the 
Vitablocs Mark II family (Vita Zahnfabrik, 
Bad Sackingen, Germany) and with CAD/
CAM systems. There are numerous other 
manufacturers of this category of block. 
MKII has been in use for over 30 years for the 
fabrication of inlays, onlays and crowns with 
numerous studies showing a less than 1% per 
year failure rate, which compares favourably 
with metal-ceramic survival data.6,7,8,9 A pre-
manufactured block has minimal residual 
porosity that could act as a weak point and lead 
to a sudden failure compared to hand-fabricated 
powder-liquid and pressable ceramics. These 
materials are Class 2 with minimum flexural 
strength values of 100  MPa for single unit 
anterior and posterior monolithic ceramics 
and are adhesively cemented.

In general, for any ceramic material, it is 
important to meet minimum thickness values 
to have sufficient load-bearing capacity to 
withstand stresses in the mouth. Furthermore, 
attention must be paid to the luting method 
recommended for these restorations. 
Minimum occlusal thickness value for crowns 
fabricated from this material is about 2.0 mm.

Feldspathic with leucite

These materials are feldspar-based porcelains 
with a leucite crystal content of about 10–25%. 
Leucite may alter the coefficient of thermal 
expansion (CTE), as well as inhibit crack 
propagation, thereby improving the material’s 
strength. These may also be fabricated by mixing 
powder with a liquid and used to veneer metal 
and ceramic substructures as well as fabricate 
all-ceramic porcelain veneers, inlays and onlays. 
The original materials had a fairly random size 
and distribution of leucite crystals, with the 
average particle size being approximately several 
hundred micrometres. The large particle size in 
part contributed to the low fracture resistance 
and high wear rate of opposing tooth structure. 
Improvements in both flexural strength and 
abrasiveness were achieved by producing 
materials with much finer leucite crystals (10 
μm to 20 μm). These materials are less abrasive 
and have much higher flexural strengths.10 These 
materials may be Class 1 or Class 2 according to 
the ISO standard, depending upon the flexural 
strength value of the specific ceramic.

Glass ceramics

According to Deubener et al. who worked on 
glass ceramic classification, glass ceramics are 
‘inorganic, non-metallic materials prepared 
by controlled crystallisation of glasses via 
different processing methods. They contain at 
least one type of functional crystalline phase 
and a residual glass’.11

Historically, the first widespread use of 
glass-ceramics and full ceramic restorations 
was a fluoromica-based material called Dicor 
developed by Corning Glass Works.12 Although 
this system is no longer available, much was 
learned from it regarding the handling of 
glass-ceramic materials. Dicor suffered from 
a high failure rate when cemented with zinc-
phosphate cement, especially in the posterior 
region – as high as 70% within five years.13 
However, when the Dicor was acid-etched, 
silane-treated and then adhesively cemented, 
Dicor fracture rates dropped to roughly half 
those experienced with zinc phosphate.14 
Dental glass-ceramics with an occlusal 
thickness of 1.5 mm may be cemented without 
bonding (glass-ionomers and resin-ionomers). 
However, it is recommended that restorations 
of approximately 1.0 mm occlusal thickness 
should be adhesively cemented. Recent 
research investigating load to failure of glass-
ceramic crowns demonstrated significantly 

higher failure loads for crowns adhesively 
cemented as opposed to those cemented with 
glass-ionomer.15

The addition of a second phase to a glass 
may improve flexural strength and fracture 
resistance by a method called dispersion 
strengthening. In order for a crack to propagate 
from a defect created in the material, the crack 
must go through or around the crystals. This 
requires additional energy and so makes the 
restoration more resistant to damage and failure 
in the mouth. In materials where crystals are 
grown in a glassy matrix, compressive stress 
around the crystals may further help to prevent 
crack propagation.

Glass matrix ceramics with leucite content 
of approximately 50 volume% were developed 
to improve flexural strength and expand the 
use of all-ceramic materials for single unit 
crowns throughout the mouth. The material 
starts as a homogeneous glass. A secondary 
heat treatment nucleates and grows crystals, 
which gives these materials increased flexural 
strength, wear, thermal shock and corrosion 
resistance due to the physical presence of the 
crystals and generation of compressive stress 
around the crystals.16 Therefore, glass-ceramics 
may be ideally suited for use as dental restorative 
materials. Improvements in properties depend 
on the interaction of the crystals and glassy 
matrix, as well as on the crystal size and amount. 
Finer crystals generally produce stronger 
materials. Glass-ceramics are in widespread use 
for cookware, missile nose cones, and even heat 
shields on space vehicles. They may be opaque 
or translucent depending on the chemical 
composition and the percentage of crystalline 
material.

The most widely used type is based on the 
original pressable ceramic Empress (Ivoclar, 
Liechtenstein); there are many other brands 
in this category due to the clinical success of 
this material. A number of pressable materials 
with properties and microstructure similar to 
Empress are available. The machinable version 
Empress CAD (Ivoclar) has also performed 
well clinically when used for posterior inlays 
and onlays, as well as anterior veneer and 
crown restorations. Minimum thickness for 
crowns is 2.0 mm and should also be adhesively 
cemented. Machinable and pressable systems 
have much higher fracture resistance than 
powder-liquid systems and have shown 
excellent clinical results for posterior inlay 
and onlay applications and anterior veneer and 
crown restorations.17,18,19,20,21,22 These materials 
are Class 2 according to the ISO standard.
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Glass ceramics – lithium silicate-based
Materials with a different chemistry than the 
Empress material and with a higher fracture 
resistance were developed based on a lithium 
disilicate chemistry. Ivoclar introduced this 
material initially as Empress II and it is now 
marketed as IPS e.max pressable and machinable 
ceramics. Increasing the crystal content to 
approximately 70% and refining the crystal size 
improved mechanical and physical properties. 
According to the manufacturer, the glass phase 
is composed of mainly SiO2, Li2O, P2O5, ZrO2, 
ZnO and K2O.23 The glass matrix surrounds 
micron-size lithium disilicate crystals with 
sub-micron lithium orthophosphate crystals in 
between the lithium disilicate (Fig. 1).

The shape and volume of crystals increased 
the flexural strength to approximately 360 MPa 
or about three times that of Empress.24,25,26,27 This 
material can be translucent even with the high 
crystalline content due to the relatively low 
refractive index of the lithium disilicate crystals. 
The material is translucent enough that it can 
be used for full-contour restorations anywhere 
in the mouth and can be veneered with a 
matched porcelain. The machinable version 
is provided in a partially crystallised block to 
enable more rapid machining. After machining, 
the restoration is subjected to a secondary heat 
treatment to crystallise the material and obtain 
the final shade and mechanical properties.

Additional glass-ceramics with a different 
microstructure and chemistry have been 
developed to improve the crystal structure. The 
innovations involve changes in the chemistry 
and crystal structure of lithium silicate-based 
glass ceramics modified with approximately 10 
mass% zirconium oxide. Machinable products 
include Celtra Duo (Dentsply-Sirona) that is 
pre-crystallised and Suprinity (Vita Zahnfabrik) 
that requires a crystallisation cycle after 
machining the restoration. The mean crystal 
size is approximately 1.5 μm, with even finer 
sub-micron crystals between the larger ones. 
A further refined version of this chemistry 
involves the production of sub-micron Virgilite 
crystals to increase overall crystal content and 
mechanical properties. This is marketed as 
Tessera by Denstply Sirona. A recent article by 
Lubauer et al. provides a detailed analysis of 
the crystal structure and composition of these 
materials.28 The minimum occlusal thickness 
values are 1.0  mm if adhesively cemented 
or 1.5  mm if cemented with non-adhesive 
materials such as glass-ionomers. The flexural 
strength of this type of glass ceramic is above 
300  MPa and falls into Class 3. This class 

includes monolithic ceramics for single unit 
anterior or posterior prostheses and for three
unit prostheses not involving a molar restoration 
adhesively or non-adhesively cemented as well 
as fully covered substructures for single unit 
anterior or posterior prostheses and for three
unit prostheses not involving molar restoration 
adhesively or non-adhesively cemented.

Interpenetrating phase ceramics

Interpenetrating phase ceramics are 
characterised by two phases that are each 
intact three-dimensionally (intertwined) 
throughout the fully dense material (Fig. 2).29,30 
This material class may have improved 
fracture resistance relative to the individual 
components due to the geometrical and 

physical constraints that are placed on the 
path that a crack must follow to cause fracture. 
A tortuous route through at the interface of 
each phase or through each phase is required 
in order for a crack to propagate through the 
entire restoration. Interpenetrating phase 
materials are generally fabricated by first 
creating a porous matrix – a ceramic ‘sponge’. 
The pores are then filled by a second-phase 
material. It is important to note that both the 
ceramic and second phase are continuous and 
connected to each other. This is unlike glass-
ceramics which have two separate phases – a 
glass matrix and individual crystals.

There are two interpenetrating phase 
materials that have been used for dental 
ceramic restorations. These are InCeram (Vita 
Zahnfabrik) that consisted of alumina or 

Fig. 1  Electron micrograph of the microstructure of a lithium disilicate glass ceramic. Acid 
etching reveals the fine crystal structure

Fig. 2  Interpenetrating phase ceramic, Vita Enamic
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alumina and zirconia ceramic matrix infiltrated 
with a lanthanum glass and Enamic (Vita 
Zahnfabrik) that consists of a feldspathic ceramic 
matrix with a polymer second phase. In-Ceram 
(Vita Zahnfabrik) consisted of a family of all-
ceramic restorative materials based on the same 
principle introduced in 1988. The system was 
developed as an alternative to conventional 
metal-ceramics and was the first system for all-
ceramic posterior bridges, and met with great 
clinical success.31,32 The InCeram alumina and 
alumina-zirconia materials possessed a flexural 
strength of about 500–650 MPa and thus are 
a Class 4 ceramic.33 This category includes 
monolithic ceramics for three-unit prostheses 
involving a molar restoration and a fully covered 
substructure for three-unit prostheses involving 
a molar restoration.

Enamic is a unique material in that it is a 
combination of interconnected polymer (20–
25% by volume) and interconnected ceramic 
(75–80% by volume). The polymer component 
provides improved fracture resistance, resilience 
and machinability. It is provided in a block 
form; machining times and damage both are 
decreased when using this material. The ceramic 
component provides colour stability, improved 
modulus values and stress resistance. This 
material has widespread use for inlays, onlays, 
tooth-born and implant crowns.34,35,36,37 Enamic 
minimum thickness for crowns is 1.0 mm and 
is acid-etched, silane-treated and bonded with 
a resin cement.

Polycrystalline ceramics

Solid-sintered monophase ceramics are 
formed by directly sintering starting powders 
together without any intervening matrix to 
form a dense polycrystalline structure. Several 
processing techniques allow the fabrication of 
either solid-sintered aluminium oxide (Al2O3) 
or zirconium dioxide (ZrO2) frameworks and 
full contour restorations. One of the first all-
ceramic CAD/CAM fabricated crowns was 
a polycrystalline alumina, called Procera 
AllCeram (Nobel Biocare, Kloten, Switzerland) 
with a strength of approximately 600 MPa.38 
An oversized die was machined to compensate 
for the alumina firing shrinkage of about 
20%. Alumina powder was pressed on the die, 
machined to form the crown form, and then 
fully sintered to form the final restoration.

Zirconia-based ceramic materials have 
unique properties that allow them to sustain 
damage and prevent fracture of the dental 
restoration. Many natural teeth survive a 

lifetime even though there are visible cracks 
in the tooth structure. Materials that can 
replicate that ability to survive with damage 
are ideal dental restorations. Zirconia-based 
ceramics have been used in other industries 
for many years; dental applications present 
unique problems in that custom parts must be 
made and the part should look like a tooth.39 
Computer-aided design/computer-aided 
manufacturing (CAD/CAM) has enabled 
materials to be used that ordinarily cannot 
be fabricated conventionally. One of the most 
important of these materials is yttria partially 
stabilised tetragonal zirconia. Zirconia (ZrO2) 
is the oxidised form of zirconium (Zr) just as 
alumina (Al2O3) is an oxide of aluminium (Al).

Zirconia exists in three major phases: 
monoclinic, tetragonal and cubic. Monoclinic 
is room-temperature stable. Above 1,170 °C, 
zirconia transforms into the tetragonal 
intermediate phase; at 2,370 °C, the material 
changes into a cubic phase. In pure zirconia 
ceramics, the cubic-to-monoclinic phase 
transformation occurs during cooling with 
about a 5% volumetric expansion (causes 
cracks), which may then fracture zirconia 
at room temperature. Therefore, biomedical 
and structural/functional applications of 
zirconia typically do not use pure zirconia. 
The addition of other ceramic components 
may alter the presence and stability of these 
phases at room temperature. Zirconia (ZrO2) 
may exist primarily in the tetragonal phase 
at room temperature by adding components 
such as calcia (CaO), magnesia (MgO), yttria 
(Y2O3) and ceria (CeO2). If the right amount 
of component is added, then a fully stabilised 
cubic phase can be created, cubic zirconia 
‘diamond’ jewellery. The addition of smaller 
amounts (3  mol% to 5  mol%) produces 
a partially stabilised zirconia. Although 
stabilised at room temperature, the tetragonal 
zirconia phase may change under stress to 
monoclinic with a subsequent 3% volumetric 
increase.40 This dimensional change diverts 
energy from the crack and creates compressive 
stress that may stop crack propagation. This 
is called ‘transformation toughening’.41,42 
This helps resist catastrophic failure – even 
though a crack may exist in the material, the 
phase change prevents it from proceeding 
throughout the restoration. Yttria tetragonal 
partially stabilised zirconia (Y-TZP) may be a 
‘universal’ ceramic restorative material in that 
it has sufficient properties to withstand stresses 
in all regions of the mouth, as well as the ability 
to support multiple-unit restorations.43,44

Most zirconia restorations are fabricated by 
machining a porous or partially fired block of 
zirconia. The framework is milled oversized 
by about 25% and then fired at approximately 
1,500 °C to fully densify the zirconia, producing 
a material with micron and submicron 
crystals with strength values from 900  MPa 
to 1,200 MPa.45 Most blocks have barcodes or 
inserts that tell the computer the density in 
order to properly mill the framework oversized. 
It is critically important that the density is 
homogeneous and known for each block to 
allow for proper oversizing during milling to 
produce an accurate and well-fitting dense 
restoration. Furthermore, the density must 
be uniform throughout the block, otherwise 
differential shrinkage occurs leading to warping 
and poor fit of the restoration. An alternate 
approach involves milling a fully dense block; 
this method was used on some early machining 
systems and is available now in a chairside 
system (Glidewell). However, due to the nature 
of zirconia, this approach initially required 
approximately two hours of milling time per 
unit out of a large zirconia block whereas 
milling of the porous block necessitates only 
about 30 to 45 minutes for a three-unit bridge.

The first generation of zirconia restorative 
materials contained about 0.25 wt% alumina, 
and while these materials have high strength, 
translucency was relatively low.46,47 Improvements 
in translucency were first made by keeping the 
same 3 mol% yttria concentration but decreasing 
the alumina content to about 0.05%. Additional 
generations of zirconia were fabricated to improve 
translucency by increasing yttria content to 4 and 
5 mol%. In general, as yttria content increased, 
translucency increased but mechanical properties 
decreased from the 1,200 MPa range down to 
500–800 MPa. The transformation toughening 
property is mostly lost in 4 and 5 mol% zirconia 
materials as the cubic crystal content increases. 
These materials become much more susceptible 
to surface damage with decreased fracture 
resistance. This is of particular importance when 
occlusal adjustment of the restoration is needed. 
The aesthetic quality, particularly translucency, 
enables these materials to be used anteriorly and 
even as veneers.48,49,50,51 Zirconia materials may 
fall into two different classes depending upon 
the type of zirconia. Materials with a flexural 
strength of 800 MPa and above are Class 5. This 
class includes monolithic ceramics for prostheses 
involving four or more units or fully covered 
substructures for prostheses involving four 
or more units. Other zirconia materials under 
800 MPa are Class 4 ceramics.
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Zirconia shades may be developed in 
several ways. Acid- or water-based solutions 
with dissolved metal salts may infuse into the 
porous zirconia before sintering to full density. 
The salt concentration and application time 
may be used to vary the amount of metal salt 
deposited in the pores and change the final 
shade. Alternatively, starting zirconia powder 
may be mixed with metal oxides to provide a 
uniform shade throughout the zirconia.

There are blocks with multiple layers that 
vary chroma from the ‘cervical’ to the ‘incisal’ 
regions in order to better match the gradation 
seen in natural teeth. There are also zirconia 
blocks with this chroma gradient and a 
translucency gradient with different amounts 
of yttria added to alter translucency, typically 
3–6 layers going from a 3Y low translucency/
high strength to an intermediate mixture 
and ending with a 5Y high translucent layer 
at the incisal region. At the time of writing, 
there is little long-term clinical or laboratory 
data to validate the overall properties of 
these materials. Overall, strength will vary 
depending upon the ratios of the types of 
different yttria layers and the processing of 
these materials.

Sintering schedules may also affect the 
optical and mechanical properties of zirconia. 
Initial firing protocols required about six 
hours, then one hour, and finally some 
chairside zirconia blocks may be fired in as 
little as 20–30 minutes depending upon the 

size of the restoration. It is important to note 
that different zirconia materials have specific 
cycles designed for the exact particle size and 
composition as produced by the manufacturer. 
Altering the firing schedule can decrease 
strength and alter the final chroma and 
translucency of the restoration.

Zirconia is most often luted to the tooth 
structure using glass-ionomer or other 
type of cement. However, several primers 
and cements containing the chemical 10 
methacryloyloxydecyl dihydrogen phosphate 
(10-MDP) may aid in creating a chemical 
bond with zirconia and the corresponding 
resin cement.52 Glass-ionomers bond weakly 
or not at all.53 Zirconia bonding might 
improve retention to the tooth structure that is 
particularly helpful with minimum reduction 
and short crown preparations. When zirconia 
restorations are non-adhesively cemented, 
a low-pressure sandblasting of the internal 
surface is recommended using about 25–50 psi 
(2 bar) with 25–50 μm alumina. This provides 
for some mechanical retention of the cement. 
Some studies have demonstrated a potential 
problem in sandblasting the internal surface 
with respect to crack growth, while others have 
shown an improvement in properties.54,55

The surface finish for any ceramic is 
important as surface defects can create sites 
for crack propagation and failure but a rough 
surface also may result in excessive wear of the 
opposing dentition or any opposing restoration. 

Most of the ceramic materials in use have a fine 
microstructure with particle sizes in the 5–20 
μm range. Zirconia is micron and submicron 
in most cases; however, Vickers hardness of 
zirconia is 1,350 as compared to natural tooth 
structure of 300–500 or feldspathic ceramics 
of 400–500.56,57,58,59 Therefore, if it is rough, the 
hardness may become the dominant factor 
resulting in excessive wear.60,61,62,63 There are 
numerous polishing systems consisting of 
silicone or other rubber wheels embedded 
with diamond particles to polish ceramics. 
It is important to follow the recommended 
sequential polishing steps with low speed and 
light pressure using water to cool the ceramic. 
Final polishing may be accomplished using a 
felt wheel with a micron-sized diamond paste. 
This will provide a smooth and wear-kind 
surface.

One additional critical thickness value 
comes into play when using all-ceramic bridges 
– this is the connector region. The height and 
cross-sectional area recommended for each 
material type must not be violated as these 
areas are under high stress and are the most 
likely failure site for all-ceramic bridges. The 
connector sizes vary depending on the material 
type and location in the mouth. It is critically 
important not to adjust connector size using a 
diamond disc after it has been fabricated and 
designed for a specific clinical case. The disc 
can create sharp notches that concentrate stress 
and lead to failure in these brittle materials – 
no matter how strong they may be.

Summary

The use of all-ceramic materials for indirect 
restorations grew rapidly as digital dentistry 
and CAD/CAM systems became more 
advanced and easier to use. There is now a wide 
variety of ceramic materials to choose from 
for a given clinical need. Clinical selection is 
often based on a combination of aesthetics, 
quality and stress resistance. While there 
are very high-strength materials available, 
minimum thickness values must be adhered 
to in order to have a restoration with sufficient 
load-bearing capacity. It is also important to 
realise that strength is not static; this property 
tends to decline as the material is subjected to 
the rigours of the oral cavity. Therefore, tooth 
preparation, luting procedures and proper 
occlusion are still of paramount importance 
and improper preparations cannot be masked 
by ‘lots of MPa’. Table 1 summarises properties 
and uses of the ceramic armamentarium.

Material Strength
(MPa)

Translucency
(% transmission 
at 1.0 mm thick)

Minimum occlusal 
thickness crown Luting Uses

Porcelain 70 43–51 On framework or 
veneer Bonded Veneer

Machinable 
feldspar-based 120–160 43–51 2.0 mm Bonded V,I,O,C

Interpenetrating 
ceramic polymer 150 43–51 1.0 mm Bonded V,I,O,C

Glass ceramics 360–500 43–51 1.0 mm
1.5 mm

Bonded
Cemented

V,I,O,C
3 units

3Y high alumina 1,000–1,200 30–35 0.4–0.6 mm Bonded
Cemented Up to 16 units

3Y low alumina 800–900 34–38 0.5–0.7 mm Bonded
Cemented Up to 16 units

4Y 700–800 38–43 0.6–0.8 mm Bonded
Cemented

V,I,O,C
Anterior bridge to 
second premolar

5Y 600–700 44–49 0.7–1.0 mm Bonded
Cemented

V,I,O,C
Anterior bridge to 
second premolar

Key:
V = veneer; I = inlay; O = onlay; C = crown.

Table 1  Summary of properties and clinical use of dental ceramics
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